Introduction {#s1}
============

Consumption of fruits and vegetables is associated with a reduced risk of certain chronic diseases and lower overall mortality. One systematic review indicated the positive effects of fruit and vegetable intake in the prevention of cardiovascular diseases, cancer in general, hypertension, obesity, and obesity-related type-2 diabetes^[@r1])^. Another systematic review revealed a negative relationship between all-cause mortality and fruit and vegetable intake^[@r2])^. The World Health Organization has estimated that low fruit and vegetable intake is a cause of approximately 16.0 million disability-adjusted lost years of life (1.0% of the overall total) and 1.7 million deaths (2.8% of all deaths) worldwide each year^[@r3])^.

Fruit and vegetable intake can be increased via improved access to these foods. A systematic review^[@r4])^ demonstrated the relationship between fruit and vegetable intake and certain environmental access factors, such as perceived accessibility of food stores or of these foods in the stores and having a vegetable garden or homegrown produce.

In regions with high fruit and vegetable production, easy access to these foods may contribute to more frequent consumption. For example, the family members of fruit and vegetable cultivators can enjoy fresh produce cultivated on their own property. In addition, the families that do not grow fruits and vegetables themselves can obtain them more conveniently if they have neighbors who do cultivate them, or if they can patronize a farmers' market nearby. Many reports have indicated a positive relationship between fruit and vegetable intake and cultivation of these foods^[@r5],[@r6],[@r7],[@r8],[@r9],[@r10],[@r11],[@r12])^ or utilization of farmers' markets^[@r12])^. There exists a similarly positive relationship between the intake of homegrown fruits and vegetables and the total intake^[@r13])^. A study in Japan found a positive relationship between the received vegetable intake and the total vegetable intake^[@r14])^. Further, an ecological study conducted in Japan determined a positive correlation between the mean vegetable intake and the amount of not-for-sale vegetables produced in each prefecture^[@r15])^; however, it is uncertain whether the individual families' practice of cultivating vegetables or obtaining them from their neighbors is responsible for this positive correlation, because the analysis took place only at the prefectural level^[@r15])^.

Accordingly, further research is needed to examine the differences in the fruit and vegetable intake among the regions and how participation in vegetable cultivation, obtaining vegetables from neighbors, and purchasing vegetables at farmers' markets can impact these differences. There is more intake^[@r16])^ and cultivation^[@r17],[@r18])^ of vegetables than of fruits in Japan, and yet the mean vegetable intake among the Japanese adults^[@r16])^ remains below the nationally recommended level^[@r19])^. Therefore, research on vegetable intake is especially necessary.

This study aimed at identifying the differences in the vegetable intake frequency among the rural, suburban, and urban residents in a city in the Gunma prefecture, Japan. It also intended to estimate the effects of vegetable cultivation, receiving vegetables, and purchasing vegetables at farmers' markets on the differences in the vegetable intake. After reporting the results, we discuss the value of supporting vegetable cultivation in the rural areas in order to maintain vegetable intake levels.

Materials and Methods {#s2}
=====================

Study participants and design
-----------------------------

The participants in this cross-sectional study were residents aged between 20 and 74 years, living in three parts of city A in the Gunma prefecture, Japan. A is located in the center of Gunma, covers 459.2 km^2^, and has a population of approximately 0.37 million residents. In order to conduct surveys in one city, there was no need to consider the influence of policies established by the local government. Within this city, we identified three geographic regions, each with a population of about 1,000 people aged between 20 and 74 years, which could be classified as rural, suburban, and urban, respectively. This is because, a power analysis calculation indicated that for an effect size of 0.1 and power of 0.7, at least 774 (258 in each area) participants, and power of 0.8, at least 967 (323 in each area) participants would be required. The response rate was assumed to be about 30%. Rural area B is located to the northwest of city A, and vegetable cultivation flourishes there (607 households). Suburban area C is located in the middle of the city. Vegetable cultivation flourished there once, but now, the amount of agriculture has reduced due to land conversion for residential or commercial use (743 households). Urban area D, on the eastern side of city A, is the most urbanized region in the city (910 households).

We collected survey data in September and October 2016 using a self-administered questionnaire. We mailed two sets of questionnaires to all households in the three areas on September 12, using TOWNPLUS by Japan Post Co., Ltd. This service helps send mails to all households in the selected areas, without even knowing the specific addresses. An explanatory letter and a stamped, self-addressed return envelope were enclosed with the questionnaire. The explanatory letter stated the following: (1) there is no need to reply if there are no residents aged between 20 and 74 years in the household; (2) two residents should reply if there are three or more residents aged between 20 and 74 years in the household; (3) the survey is anonymous, and we regard submitting a response to the questionnaire as consent. In addition, we numbered each questionnaire so that we could identify which of the three geographic areas each response came in from.

This study was approved by the Gunma University Ethical Review Board for Medical Research Involving Human Subjects (Submission No. 160074, approved August 16, 2016).

Survey tool
-----------

The survey requested information on vegetable intake frequency (number of times per day), self-perceptions of vegetable cultivation, frequency of receiving vegetables (i.e., obtaining them from neighbors), frequency of vegetable purchase at farmers' markets, subjective difficulty in food-store access, economic circumstances, health attitudes, and demographic characteristics (sex, age group, educational background, and employment status).

Vegetable intake frequency was assessed using four items based on the Behavioral Risk Factor Surveillance System (BRFSS)^[@r20])^. We carefully selected four appropriate items for evaluating the vegetable intake by Japanese people (vegetable juice; dark green vegetables; red, yellow, and orange vegetables; and other vegetables) because the BRFSS was originally prepared for the American context. In each vegetable category, the questionnaire asked, "How many times per day, on average, have you eaten the following vegetables in the past month?" Participants were provided with examples of the vegetables included in each of the four categories, but were not given a definition of the serving size. Based on these responses, we created an index of the vegetable intake (total number of times per day) by summing the intake data for all four items.

To understand the self-perceptions of vegetable cultivation, we asked the participants, "Do you or your household members grow vegetables?" Participants who answered yes were further asked whether they grew the vegetables as "a farmer," or as a "home gardener, community gardener, or other gardener." Based on these responses, we classified those who answered "farmer" as "vegetable cultivation as a farmer" and those who answered "home gardener, community gardener, or other gardener" as "vegetable cultivation as a non-farmer."

We also asked the participants, "During the past month, how often have you received vegetables?" and "During the past month, how often have you purchased vegetables at farmers' markets?" Participants answered on a scale from 0 (never) to 3 (often).

We assessed the subjective difficulty in food-store access by using a single item from a previous study which asked the participants about their general difficulty in food-store access on a scale from 0 (very difficult) to 3 (very easy)^[@r21])^.

We assessed the economic circumstances using a single item, which asked the participants to indicate their economic situation on a scale of 1 (very poor) to 5 (very good). This item was confirmed as having a positive relationship with the household income in a study in the past^[@r22])^.

We assessed the health attitude using a single item: "Are you usually health-conscious?" Participants answered on a scale of 0 (not at all) to 3 (often or all the time).

As mentioned above, the demographic questions were asked for the respondents' gender, age group (years; 20--29 = 0, 30--39 = 1, 40--49 = 2, 50--59 = 3, 60--69 = 4, 70--74 = 5), educational background (elementary or junior high school = 0, high school = 1, vocational school or junior college = 2, university or graduate school = 3), and employment status (unemployed or retired = 0, part-time = 1, full-time = 2).

Analysis
--------

We used the analysis of covariance (ANCOVA). Prior to the ANCOVA, we conducted two analyses. Initially, we analyzed the regional differences among all variables using one-way analysis of variance for interval scale, the Kruskal--Wallis test for ordinal scale, and the chi-square test for categorical scale. We conducted multiple comparisons using Tukey's honestly significant difference test for interval scale, and the Bonferroni correction for ordinal and categorical scales. We then conducted further analysis using a multiple regression model to confirm the relationships between vegetable intake frequency and all the other variables. Based on the results of these analyses, we determined the co-variables for the ANCOVA.

In the ANCOVA, we constructed a series of models, starting with a model adjusted for the demographic and health characteristics (Model 1) to assess whether any regional differences existed or did not exist. We then constructed models adjusted for vegetable cultivation, receiving vegetables, and vegetable purchase at farmers' markets, respectively (Models 2--4). These models assessed the single effect of each variable on the regional differences. Eventually, we developed a model including all variables used in Models 1--4 (Model 5) to assess the total effect of vegetable cultivation, receiving vegetables, and vegetable purchase at farmers' markets on the regional differences.

We conducted multiple comparisons with the Bonferroni correction for all models. If the regional differences reduced as a result of the adjustment, we could confirm the effect of vegetable cultivation, receiving vegetables, and/or vegetable purchase at farmers' markets on the regional differences in the vegetable intake frequency. Additionally, we could determine the magnitude of the effect by comparing the estimated means for vegetable intake frequency. Sex (reference: women) and vegetable cultivation (reference: no cultivation) were used as dummy variables for the multiple regression model and ANCOVA. For other variables, it was confirmed that the absolute value of skewness and kurtosis was less than 2, and hence, other variables were used as interval scale for the multiple regression model and ANCOVA. Statistical models were checked for the interactive effects between the geographic areas and all other variables included in the models, and were found to be acceptable. A two-tailed *p-*value less than 0.05 was considered as statistically significant. All analyses were performed using the IBM SPSS Statistics 23.

Results {#s3}
=======

We mailed questionnaires to 2,260 households and received responses from 586 households (household response rate: 25.9%). A total of 873 residents responded: 295 from area B, 295 from area C, and 283 from area D. We excluded responses which had data missing (76), outliers (those who were above 74 (4), and people who claimed to eat vegetables more than 12 times per day (10)), leaving 783 responses (257 in area B, 259 in area C, 267 in area D) available for statistical analysis.

The results from the analysis of the regional differences among all variables showed significant differences in the age group (*p* \< 0.001), educational background (*p* \< 0.001), employment status (*p* = 0.014), subjective difficulty in food-store access (*p* \< 0.001), economic circumstances (*p* \< 0.001), vegetable cultivation as a farmer (*p* \< 0.001), vegetable cultivation as a non-farmer (*p* \< 0.001), frequency of receiving vegetables (*p* \< 0.001), frequency of vegetable purchase at farmers' markets (*p* \< 0.001), and vegetable intake frequency (*p* \< 0.001) ([Table 1](#tbl_001){ref-type="table"}Table 1Regional differences among all variablestotalB. ruralC. suburbanD. urban*p*Multiple comparison(n = 783)(n = 257)(n = 259)(n = 267)n%n%n%n%Sex ^a^Men429551335214556151570.486Women35445124481144411643Age group ^b^20-29253838393\<0.001B \> C \> D30-3991121453514421640-491802328115923933550-591722258235019642460-6922829119467529341370-74871130123212259Educational background ^b^Elementary or junior high school506361414500\<0.001D \> C \> BHigh school2963813352109425420Vocational school or junior college20827592372287729University or graduate school229292911642513651Employment status ^b^Unemployed or retired254328834913575280.014D \> BPart-timer12816542140153413Full-time worker40151115451284915859Subjective difficulty in food-store access ^b^Very difficult192944262\<0.001DC \> BDifficult19825903546186223Easy37248123481305011945Very easy19425351479318030Economic circumstance ^b^Very poor2847315662\<0.001D \> CBPoor15219582364253011Fair278361003993368532Good23730773072288833Very good88111561565822Health attitude ^b^Not at all3041041041040.291Little20226692771276223Occasionally35645111431234712246Often all the time19525672655217327Vegetable cultivation as a farmer ^a^Yes105137630261031\<0.001B \> C \> DNo67887181702339026499Vegetable cultivation as a nonfarmer ^a^Yes2843611846122474416\<0.001BC \> DNo49964139541375322384Frequency of receiving vegetables ^b^Never16221331348198130\<0.001B \> CDRarely22729712882327428Sometimes25432913589347428Often14018622440153814Frequency of vegetable purchase at farmers' markets ^b^Never37748106411244814755\<0.001B \> CDRarely14118421653204617Sometimes20626763069276123Often5983313135135MeanSEMeanSEMeanSEMeanSEVegetable intake frequency (times/day)^c^4.90.15.80.24.50.14.60.1\<0.001B \> CD^a^: χ^2^ test, ^b^: Kruskal-Wallis test, ^c^: one-way ANOVA. SE: standard error.). The results of the multiple comparison showed that the population performing vegetable cultivation as farmers, the frequency of receiving vegetables, and the frequency of vegetable purchase at farmers' markets were all significantly higher in area B, than they were in areas C and D. Meanwhile, the population engaged in vegetable cultivation as non-farmers was significantly higher in both areas B and C, than in area D.

We then showed, using a multiple regression model ([Table 2](#tbl_002){ref-type="table"}Table 2Correlation coefficients and results of multiple regression model: Relationship between vegetable intake frequency and all other variablesVegetable intake frequency*r*βSex (Ref: women)--0.129 \*\*--0.114 \*\*Age group0.214 \*\*0.120 \*\*Educational background--0.150 \*\*Employment status--0.180 \*\*Subjective difficulty in food-store access\<0.001Economic circumstance0.139 \*\*0.092 \*\*Health attitude0.275 \*\*0.197 \*\*Vegetable cultivation as a farmer0.172 \*\*0.194 \*\*Vegetable cultivation as a nonfarmer0.103 \*\*0.090 \*Frequency of receiving vegetable0.099 \*\*0.098 \*\*Frequency of vegetable purchase at farmers' markets0.174 \*\*0.074 \*R^2^/AR^2^ = 0.17/0.16. n = 783. *r* = Correlation coefficients, *β* = Standard partial regression coefficients. \* *p* \< 0.05, \*\* *p* \< 0.01.), that sex (*p* \< 0.001), age group (*p* = 0.001), economic circumstances (*p* = 0.006), health attitudes (*p* \< 0.001), vegetable cultivation as a farmer (*p* \< 0.001), vegetable cultivation as a non-farmer (*p* = 0.013), frequency of receiving vegetables (*p* = 0.004), and frequency of vegetable purchase at farmers' markets (*p* = 0.037), all had significant relationships with the vegetable intake frequency. Age group, educational background, and employment status were significantly correlated with each other. Therefore, we used only age group as a demographic factor, since it was the most strongly correlated with vegetable intake frequency.

Results of the ANCOVA are listed in [Table 3](#tbl_003){ref-type="table"}Table 3Results of ANCOVA (vegetable intake frequency (times/day))B. ruralC. suburbanD. urbanDifferences of Means*F*Multiple comparisonMeanSEMeanSEMeanSE(95%CI)(95%CI)(95%CI)B--CB--D*p*Model 15.70.14.60.14.50.11.11.220.3B \> CD(5.4--6.0)(4.3--4.8)(4.3--4.8)\<0.001Model 25.50.24.50.14.80.21.00.711.0B \> CD(5.2--5.8)(4.3--4.8)(4.5--5.1)\<0.001Model 35.60.14.60.14.60.11.01.016.6B \> CD(5.3--5.9)(4.3--4.8)(4.3--4.9)\<0.001Model 45.70.14.60.14.60.11.11.118.5B \> CD(5.4--5.9)(4.3--4.9)(4.3--4.9)\<0.001Model 55.40.24.60.14.90.20.80.58.1B \> C(5.1--5.7)(4.3--4.8)(4.5--5.2)\<0.001N = 783, B. rural: n = 257, C. suburban: n = 259, D. urban: n = 267; Mean: estimated mean; SE: standard error. Co-variables of Model 1: age group, economic circumstance, Model 2: age group, economic circumstance, vegetable cultivation as a farmer, vegetable cultivation as a non-farmer, Model 3: age group, economic circumstance, frequency of receiving vegetable, Model 4: age group, economic circumstance, frequency of vegetable purchase at farmers' markets, Model 5: all co-variables of Models 1 through 4.. Initially, we analyzed the regional differences of the vegetable intake frequency adjusted for age group and economic circumstances. These co-variables were seen both, as displaying significant regional differences, and as being related to vegetable intake frequency. As a result (Model 1), a significant regional difference in the vegetable intake frequency was seen (*F* = 20.3, *p* \< 0.001). Multiple comparisons revealed that the vegetable intake frequency by the residents of the rural area was higher than that of the residents in the urban and suburban areas. These trends also appeared in Models 2 to 4. However, the differences tended to be smaller (Model 2: *F* = 11.0, *p* \< 0.001; Model 3: *F* = 16.6, *p* \< 0.001; Model 4: *F =*18.5, *p* \< 0.001). The regional differences were the smallest in Model 5 (*F* = 8.1, *p* \< 0.001). No significant difference was observed between the rural and urban areas with regard to the vegetable intake frequency in Model 5. Alternatively, significant differences were still seen between the rural and suburban areas. As for the estimated means, the average vegetable intake frequency in the rural area in Model 1 was greater than that in the suburban area by 1.1 times and exceeded that in the urban area by 1.2 times. These differences reduced in Model 5: 0.8 times for the suburban area and 0.5 times for the urban area.

Discussion {#s4}
==========

Our study revealed that the vegetable intake frequency among the residents in the rural area was higher than that of the residents in the urban and suburban areas of a city in the Gunma prefecture, Japan. In addition, we found that these differences were partially due to the differences in vegetable cultivation, receiving vegetables, and vegetable purchase at farmers' markets.

Various studies have investigated the factors that influence vegetable intake. Past studies have identified these factors as health attitude^[@r23])^, perceived accessibility of food stores^[@r4])^, and household income^[@r24])^. In our study, we asked the participants to respond to items on health attitude, economic circumstances, and subjective difficulty in food-store access. However, no regional difference was seen in the health attitude. Subjective difficulty in food-store access was not related to vegetable intake frequency in this study. Moreover, the regional differences in vegetable intake frequency were observed even when we adjusted for economic circumstances. Hence, we can conclude that the causes of these regional differences are factors other than health attitude, food-store access, and economic status.

The regional differences in the vegetable intake frequency reduced when we adjusted for vegetable cultivation, receiving vegetables, and vegetable purchase at farmers' markets. These results indicate that the regional differences in the vegetable intake frequency between the rural, suburban, and urban areas are partially based on these three factors. Several studies in the past have also noted the positive relationships between vegetable intake and these factors^[@r5],[@r6],[@r7],[@r8],[@r9],[@r10],[@r11],[@r12],[@r14])^. Moreover, the frequency of receiving vegetables and that of vegetable purchase at farmers' markets were highest in area B, which had the maximum number of farmers cultivating vegetables. In particular, the presence of farmers cultivating vegetables affects the vegetable intake of residents in a region, directly and indirectly.

Accordingly, it can be concluded that maintaining vegetable cultivation in the rural areas contributes to high frequency of vegetable intake of the rural residents. According to the results of this study, supporting agriculture is important, not only for the economic sustenance of the rural residents, but also to maintain their high frequency of vegetable intake. This discovery enhances the significance of supporting agriculture in rural areas, as doing so can contribute to the health as well as economic welfare of the residents. Agriculture can be supported not only through public support but also through support by community members. Community-supported agriculture^[@r25])^ is one way to support agriculture by community members. Moreover, it is not practical to widely promote vegetable cultivation in urban areas; however, community gardens have been established even in urban areas, and participation in community gardens has been found to be positively related to vegetable intake^[@r6],[@r7],[@r8],[@r10],[@r12])^. Therefore, it may also be important to consider promoting the establishment of places for vegetable cultivation, such as community gardens in urban areas.

Nevertheless, since the differences between regions remained after we adjusted for vegetable cultivation, receiving vegetables, and vegetable purchase at farmers' markets, the regional differences found in this study are not solely attributable to these factors. We presume that psychological factors, such as belief in the safety of locally grown produce and stronger preference for vegetables, could also play a considerable role. For example, the positive relationship between local food consumption and preference of safety vegetables in Japan has been confirmed^[@r26])^. In addition, among high school students, having home gardens or prior experience with community gardens or farms have been positively related with local food perceptions^[@r27])^. In area B, there are probably several residents who like vegetables and consume locally grown vegetables regularly as safety vegetables, given the still-flourishing vegetable production in this area. Moreover, it has been confirmed that "cheap" is an important component of motivation to use farmers' markets^[@r28])^. Regardless of the economic status, the recognition of the fact that it facilitates saving money is presumed to be a motivation to consume locally grown vegetables. Furthermore, the recognition of low burden on the environment is also a factor that promotes the consumption of locally grown vegetables^[@r29])^. However, these psychological factors were not considered in the present study and should be examined in future research.

This study has four limitations. First, the generalizability is limited, because we recruited participants from only three parts of one city by non-randomized sampling. Second, the validity of the responses regarding the vegetable intake frequency was not verified. Hence, we cannot assume with certainty that the responses accurately represent people's actual amount of vegetable intake. Third, a response bias may have been present, since the household response rate was 25.9%. Fourth, as this was a cross-sectional study, we cannot make any inferences regarding causality. It is not practical to use a randomized controlled trial while considering the relationship between the regional vegetable production and intake. It is difficult to implement interventions designed to increase the amount of vegetable production in a region and then evaluate whether the intervention affects the vegetable consumption practices or not. Presumably, a natural experiment^[@r30])^ may be a promising research strategy in order to reveal the causal relationships.

Conclusion {#s5}
==========

This study revealed the regional differences in the vegetable intake frequency, which was higher in the rural area than in the suburban or urban areas. In addition, a portion of these differences was attributable to the factors of vegetable cultivation, receiving vegetables, and vegetable purchase at farmers' markets. The frequency of receiving vegetables and of vegetable purchase at farmers' markets was higher in the rural areas where more people undertake vegetable cultivation as farmers. These results suggest that maintaining vegetable cultivation in rural areas contributes to the high frequency of vegetable intake of rural residents, both, directly and indirectly. Therefore, we should reconsider the value of supporting agriculture in rural areas, including the health of the local residents by promoting vegetable intake.
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